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PURPOSE: To attempt compatibility between promotion of fuel carburetion/ 
atomization caused by fuel injection to high flow speed intake air, and 

improvement of filling efficiency caused by high level maintenance of 
average flow speed, and also achieve improvement of scavenging property 
or the like simultaneously, in the air intake device of a fuel injection 
type engine provided with an air intake passage having a curved part. 
CONSTITUTION: The air intake device of an engine is provided in such 
constitution that an injector 25 is arranged in an air intake passage 12 





(57) Abstract: 



having a curved part 13, and also an appropriate quantity of additional 
gas G is supplied into the intake passage 12. The injection hole 26 of 
the injector 25 is opened to the curved part 13 of the intake passage 
12, or to the immediately downstream position of the curved part 13, and 
also on the wall surface 13a on the outer circumference side of the 
curved part 13. On the other hand, the injection part 36 of aditional 
gas G is opened on the wall surface 13b on the inner circumference side 
of the curved part 13. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the suction system of the engine which supplied proper 



addition gas in this inhalation-of-air path while having arranged the 
injector to the inhalation-of-air path which has a bend It is the 
suction system of the engine characterized for the nozzle hole of the 
above-mentioned injector by the thing of the direct down-stream location 
of the bend of the above-mentioned inhalation-of-air path, or this bend 
which the jet section of the above-mentioned addition gas did for 
opening of this on the wall surface by the side of the inner 
circumference of the above-mentioned bend while carrying out opening on 
the wall surface by the side of the periphery of this bend moreover. 
[Claim 2] In the suction system of the engine equipped with the closing 
motion valve open from this injector and close the above-mentioned 
inhalation-of-air path alternatively according to engine operational 
status to the upstream while having arranged the injector to the 
inhalation-of-air path which has a bend While carrying out opening of 
the nozzle hole of the above-mentioned injector on the wall surface by 
the side of the periphery of the above-mentioned bend While arranging 
the above-mentioned closing motion valve near the upper edge of the 
above-mentioned bend in the condition of having turned in the direction 
which constitutes this from a butterfly valve and intersects 
perpendicularly the direction of a valve stem in the direction of a 
curve side of the above-mentioned bend The suction system of the engine 
characterized by setting up the valve-opening actuation direction so 
that it may be located in the inhalation-of-air downstream rather than 
the periphery section to which the periphery section located in the 
periphery side of the above-mentioned bend at the time of the valve 
opening is located in an inner circumference side. 
[Claim 3] In the suction system of the engine which supplied proper 
addition gas in this inhalation-of-air path while having arranged the 
injector to the inhalation-of-air path The upstream bend which curves so 
that it may turn being located in the upstream and inhalation-of-air 
applying [ above-mentioned ] it to the side from the engine upper part, 
The bay prolonged in the shape of a straight line to a slanting lower 
part succeeding the down-stream edge of this upstream bend, While 
constituting from a downstream bend which curves to an opposite 
direction and is open for free passage to a suction port with the above- 
mentioned upstream bend succeeding the down-stream edge of this bay and 
carrying out opening of the nozzle hole of the above-mentioned injector 
on axial center extension of the above-mentioned bay The suction system 
of the engine characterized by carrying out opening of the jet section 
of the above-mentioned addition gas on the inner circumference side- 
attachment-wall side of the above-mentioned upstream bend. 



[Claim 4] In the suction system of the engine which supplied proper 
addition gas in this inhalation-of-air path while having arranged the 
injector to the inhalation-of-air path The upstream bend which curves so 
that it may turn being located in the upstream and inhalation-of-air 
applying [ above-mentioned ] it to the side from the engine upper part, 
It constitutes from a bay prolonged in the shape of a straight line 
succeeding the down-stream edge of this upstream bend, and a downstream 
bend which the above-mentioned upstream bend curves to an opposite 
direction succeeding the down-stream edge of this bay, and is open for 
free passage to a suction port. The suction system of the engine 
furthermore characterized by carrying out opening of the jet section of 
the above-mentioned addition gas on the wall surface corresponding to 
the inner circumference side of the above-mentioned upstream bend while 
carrying out opening of the nozzle hole of the above-mentioned injector 
moreover on the wall surface corresponding to the periphery side of the 
above-mentioned upstream bend of the above-mentioned upstream bend or a 
bay. 

[Claim 5] While arranging an injector to the inhalation-of-air path 
which has a bend, it carries out as [ supply / in this inhalation-of-air 
path / proper addition gas ]. In the suction system of the engine which 
has arranged the closing motion valve open [ to the upstream ] 
furthermore and close the above-mentioned inhalation-of-air path 
alternatively according to engine operational status from this above- 
mentioned injector The deer of the direct down-stream location of the 
bend of the above-mentioned inhalation-of-air path or this bend also 
carries out opening of the nozzle hole of the above-mentioned injector 
on the wall surface by the side of the periphery of this bend. Moreover, 
while carrying out opening of the jet section of the above-mentioned 
addition gas on the wall surface by the side of the inner circumference 
of this bend While the above-mentioned closing motion valve carries out 
an arrangement setup near the upper edge of the above-mentioned bend in 
the condition of having turned in the direction which constitutes this 
from a butterfly valve and intersects perpendicularly the direction of a 
valve stem in the direction of a curve side of the above-mentioned bend 
The suction system of the engine characterized by setting up the valve- 
opening actuation direction so that it may be located in the inhalation- 
of-air downstream rather than the periphery section to which the 
periphery section located in the periphery side of the above-mentioned 
bend at the time of the valve opening is located in an inner 
circumference side. 

[Claim 6] While arranging an injector to an inhalation-of-air path, it 



carries out as [ supply / in this inhalation-of-air path / proper 
addition gas ]. In the suction system of the engine equipped with the 
closing motion valve open [ from an injector ] furthermore and close the 
above-mentioned inhalation-of-air path alternatively according to engine 
operational status to the upstream The upstream bend which curves so 
that it may turn being located in the upstream and inhalation-of-air 
applying [ above-mentioned ] it to the side from the engine upper part, 
While constituting from a bay prolonged in the shape of a straight line 
succeeding the down-stream edge of this upstream bend, and a downstream 
bend which the above-mentioned upstream bend curves to an opposite 
direction succeeding the down-stream edge of this bay, and is open for 
free passage to a suction port While carrying out opening of the nozzle 
hole of the above-mentioned injector on axial center extension of the 
above-mentioned bay Opening of the jet section of the above-mentioned 
addition gas is carried out on the inner circumference side-attachment- 
wall side of the above-mentioned upstream bend. Furthermore, while the 
above-mentioned closing motion valve carries out an arrangement setup 
near the upper edge of the above-mentioned bend in the condition of 
having turned in the direction which constitutes this from a butterfly 
valve and intersects perpendicularly the direction of a valve stem in 
the direction of a curve side of the above-mentioned bend The suction 
system of the engine characterized by setting up the valve-opening 
actuation direction so that it may be located in the inhalation-of-air 
downstream rather than the periphery section to which the periphery 
section located in the periphery side of the above-mentioned bend at the 
time of the valve opening is located in an inner circumference side. 
[Claim 7] The suction system of the engine characterized by having 
approached and installed the addition gas passageway which supplies the 
above-mentioned addition gas side by side in the above-mentioned 
assistant air passage in the suction system of an engine according to 
claim 1, 3.4, 5, or 6 so that assistant air could be supplied [ both ] 
through an assistant air passage near the nozzle hole of the above- 
mentioned injector then, and forming this assistant air passage and an 
addition gas passageway in it further as it straddled between [ of each 
gas column ] inhalation-of-air paths. 



[Translation done. ] 



=K NOTICES ^ 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. ^^^^ shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The invention in this application relates to an 

engine suction system. 

[0002] 

[Description of the Prior Art] In the fuel-injection type engine 
equipped with the injector, since direct injection supply of the fuel is 
carried out into an inhalation-of-air path, if the quality of the 
evaporation / atomization engine performance is an engine combustion 
engine-performance total, it has great effect on the output engine 
performance. Therefore, the thought for the promotion of evaporation / 
atomization of an injection fuel is proposed variously conventionally, 
and there is thought of injecting the fuel from an injector also in an 
inhalation-of-air path to the part where the inhalation-of-air rate of 
flow is the quickest, making one of them promoting mixing with 
inhalation of air and a fuel, having, and aiming at improvement in its 
evaporation and atomization. And while forming an inhalation-of-air path 
in the shape of a curve as a means for embodying such thought so that a 
drawing indication may be carried out at JP, 62-20624, A, for example, 
what was made to perform fuel injection into the quick inhalation-of-air 
style of the rate of flow which is made to carry out opening of the 
nozzle hole of an injector on the periphery side-attachment-wall side of 
this bend, and flows this periphery side-attachment-wall side approach 
is known. 

[0003] In addition, generally, although it is known that the velocity 
distribution of flowing fluid (for example, inhalation of air) will be 
in the distribution condition that the high rate-of-flow region inclines 
toward the periphery approach, as [ show / in drawing 5 ] about the 
inside of a curve path, this is based on the effect of the secondary 
flow resulting from the inertial force of an inhalation-of-air style. 
That is, the inhalation-of-air style A which flows the inside of the 



curve path 51 is because of flowing in the shape of a straight line with 
the inertial force (if it puts in another way). In order to flow towards 
the peripheral-wall 51a side of the curve path 51, when this curve path 
51 is seen from [ the ] a cross section, After flowing from inner circle 
wall 51b to the peripheral-wall 51a side along this flat surface in the 
both sides of the flat surface containing the medial axis of this curve 
path 51, respectively, it is reversed, and secondary flow A' which flows 
from the peripheral-wall 51a side to the inner circle wall 51b side 
along with the side peripheral walls 51c and 51c arises. When such a 
secondary flow arises in the curve path 51, the velocity distribution in 
the direction of an axial center which should serve as symmetry to a 
path axial center essentially will be made to deform by this secondary 
flow, and a velocity distribution by which the high rate-of-flow region 
inclined toward peripheral-wall 51a approach as shown in drawing 5 as a 
result will be presented. 
[0004] 

[Problem (s) to be Solved by the Invention] By the way, at the 
inhalation-of-air path with such a bend, the problem that mixing of this 
fuel will be promoted if a fuel is injected into this part, since the 
high rate-of-flow region inclines toward that periphery approach as 
mentioned above, and the charging efficiency of inhalation of air was 
checked by the bias of this velocity distribution on the other hand 
although it is the translation closed if that evaporation / atomization 
engine performance is good was pointed out from sometime past. That is, 
although the maximum rate of flow of inhalation of air becomes large 
when the high rate-of-flow region inclines toward the peripheral-wall 
51a side greatly in the curve path 51 as mentioned above, the mean 
velocity becomes comparatively small. I hear that this cannot fully be 
utilizing thoroughly the effective sectional area of this curve path 51, 
and there is, consequently it becomes comparatively low [ the charging 
efficiency of inhalation of air ] considering the effective sectional 
area of the curve path 51. 

[0005] In addition, if the mean velocity of inhalation of air tends to 
be raised and it is going to aim at improvement in the charging 
efficiency, although it is what is close to a straight line as much as 
possible, then a good translation, an inhalation-of-air path When it 
does in this way, while the mixing engine performance of a fuel falls by 
the fall of the maximum rate of flow, the present condition is an engine 
overall height' s increasing, and there being a problem engine 
compactability' s being checked, having carried out comparison 
ponderation of the above-mentioned advantages and disadvantages for this 



reason, and having adopted the inhalation-of-air path of curve structure. 
Therefore, if an engine performance is considered from a total viewpoint, 
also although it is called the thing equipped with the inhalation-of-air 
path of metaphor curve structure, the decline in a charging efficiency 
must have been overlooked at all, and it will be going to think that the 
decline in a charging efficiency is an unescapable matter in the present 
condition, as long as the curved inhalation-of-air path structure is 
adopted, but to just wait for the solution means. 

[0006] Then, in the suction system of the fuel-injection type engine 
equipped with the inhalation-of-air path with a bend, the invention in 
this application tends to attain improvement in the scavenging-air 
engine performance etc. to coincidence collectively, and is made while 
reconciling the promotion of evaporation / atomization of the fuel by 
the fuel injection to the high rate-of-flow inhalation of air, and 
improvement in the charging efficiency by high level maintenance of mean 
velocity. 
[0007] 

[Background of the Invention] In the process in which invention-in-this- 
application persons study this The means for solving a technical problem 
If the basic configuration of passing inhalation of air is adopted at 
all in a curve path, if not avoided the bias phenomenon by the side of 
the peripheral wall of the velocity distribution under the effect of a 
secondary flow Under recognition. The view was changed from the ED for 
improving the bias of a velocity distribution peculiar to a curve path 
itself, and it was presupposed to it that the technique for raising mean 
velocity is developed, maintaining excellently the maximum rate of flow 
brought about according to the bias of a velocity distribution without 
almost reducing this. And its attention was paid to the bias of the 
inhalation-of-air dynamic pressure which originates in the bias of a 
velocity distribution here, and the description of a secondary flow. 
[0008] That is, as shown in the rate-of-flow distribution curve LI of 
drawing 4 , the inhalation of air which flows the inside of the curve 
path 51 presents a velocity distribution by which the high rate-of-flow 
region inclines toward peripheral-wall 51a approach, but if this sees 
about inhalation-of-air dynamic pressure, it will attribute to the 
peripheral-wall 51a approach part of this curve path 51 having high 
dynamic pressure, and an inner circle wall 51b approach part having low 
dynamic pressure. Therefore, if the addition gas port 52 is formed in 
the inner circle wall 51b side with such low dynamic pressure and the 
addition gas G to inhalation of air, such as EGR gas, is supplied from 
here Suction installation of this addition gas G is carried out smoothly 



in the near location of inner circle wall 51b with low dynamic pressure. 
And it is washed away by the introduced addition gas G at the downstream 
by the inhalation-of-air style which flows the inside of the curve path 
51. Become suitable to be added to an original inhalation-of-air 
velocity distribution, and as the rate-of-flow distribution curve L2 
shows, the high rate-of-flow region new into the inner circle wall 
approach part of the original inhalation-of-air rate-of-flow 
distribution curve will be formed in drawing 4 . The rate-of-flow 
distribution curve L2 turns into a ^^ven 2 Camel^^-like curve which has 
the high rate-of-flow region in both a peripheral-wall approach part and 
an inner circle wall approach part as a whole (in the rate-of-flow 
distribution curve L2, the part shown by the broken-line arrow head is 
the rate of flow added by addition gas). 

[0009] When inhalation of air and addition gas with the velocity 
distribution of the shape of such ''2 A wen camel^^ flow to the downstream 
further, A velocity distribution is gradually equalized by the rate-of- 
flow part added by this addition gas by the secondary flow generated in 

the curve path 51 being gradually extruded from the inner circle wall 
51b side at the peripheral-wall 51a side. As the rate-of-flow 
distribution curve L3 finally shows, the velocity distribution of the 
abbreviation trapezoidal shape by which the rate of flow itself was 
equalized in the condition that the maximum rate of flow hardly falls, 
i. e. , the high velocity distribution of mean velocity, is acquired. 
[0010] Invention-in-this-application persons hit on an idea in the 
technical thought for maintaining the maximum rate of flow and mean 
velocity excellently, both, having them based on such knowledge, by 
introducing addition gas into the inner circle wall side of a curve path, 
and attaining the inhalation-of-air charging efficiency according the 
mixing engine performance by the fuel injection to the high rate-of-flow 
region to improvement and high mean velocity to coincidence. 
[0011] 

[Means for Solving the Problem] As a concrete means for being based on 
this background technique and solving the above-mentioned technical 
problem in the invention in this application, in invention according to 
claim 1 In the suction system of the engine which supplied proper 
addition gas in this inhalation-of-air path while having arranged the 
injector to the inhalation-of-air path which has a bend The nozzle hole 
of the above-mentioned injector is characterized by the thing of the 
direct down-stream location of the bend of the above-mentioned 
inhalation-of-air path, or this bend done for opening of the jet section 
of the above-mentioned addition gas on the wall surface by the side of 



the inner circumference of this bend, while carrying out opening on the 
wall surface by the side of the periphery of this bend moreover. 
[0012] While arranging an injector in invention according to claim 2 to 
the inhalation-of-air path which has a bend In the suction system of the 
engine equipped with the closing motion valve open from this injector 
and close the above-mentioned inhalation-of-air path alternatively 
according to engine operational status to the upstream While carrying 
out opening of the nozzle hole of the above-mentioned injector on the 
wall surface by the side of the periphery of the above-mentioned bend 
While arranging the above-mentioned closing motion valve near the upper 
edge of the above-mentioned bend in the condition of having turned in 
the direction which constitutes this from a butterfly valve and 
intersects perpendicularly the direction of a valve stem in the 
direction of a curve side of the above-mentioned bend It is 
characterized by setting up the valve-opening actuation direction so 
that it may be located in the inhalation-of-air downstream rather than 
the periphery section to which the periphery section located in the 
periphery side of the above-mentioned bend at the time of the valve 
opening is located in an inner circumference side. 

[0013] In invention according to claim 3, while arranging an injector to 
an inhalation-of-air path In the suction system of the engine which 
supplied proper addition gas in this inhalation-of-air path The upstream 
bend which curves so that it may turn being located in the upstream and 
inhalation-of-air applying [ above-mentioned ] it to the side from the 
engine upper part, The bay prolonged in the shape of a straight line to 
a slanting lower part succeeding the down-stream edge of this upstream 
bend, While constituting from a downstream bend which curves to an 
opposite direction and is open for free passage to a suction port with 
the above-mentioned upstream bend succeeding the down-stream edge of 
this bay and carrying out opening of the nozzle hole of the above- 
mentioned injector on axial center extension of the above-mentioned bay 
It is characterized by carrying out opening of the jet section of the 
above-mentioned addition gas on the inner circumference side-attachment- 
wall side of the above-mentioned upstream bend. 

[0014] In invention according to claim 4, while arranging an injector to 
an inhalation-of-air path In the suction system of the engine which 
supplied proper addition gas in this inhalation-of-air path The upstream 
bend which curves so that it may turn being located in the upstream and 
inhalation-of-air applying [ above-mentioned ] it to the side from the 
engine upper part, It constitutes from a bay prolonged in the shape of a 
straight line succeeding the down-stream edge of this upstream bend, and 



a downstream bend which the above-mentioned upstream bend curves to an 
opposite direction succeeding the down-stream edge of this bay, and is 
open for free passage to a suction port. Furthermore, while carrying out 
opening of the nozzle hole of the above-mentioned injector moreover on 
the wall surface corresponding to the periphery side of the above- 
mentioned upstream bend of the above-mentioned upstream bend or a bay, 
it is characterized by carrying out opening of the jet section of the 
above-mentioned addition gas on the wall surface corresponding to the 
inner circumference side of the above-mentioned upstream bend. 
[0015] While arranging an injector in invention according to claim 5 to 
the inhalation-of-air path which has a bend In the suction system of the 
engine which has arranged the closing motion valve open [ carries out as 
/ supply / in this inhalation-of-air path / proper addition gas /, and / 
to the upstream ] further and close the above-mentioned inhalation-of- 
air path alternatively according to engine operational status from this 
above-mentioned injector The deer of the direct down-stream location of 
the bend of the above-mentioned inhalation-of-air path or this bend also 
carries out opening of the nozzle hole of the above-mentioned injector 
on the wall surface by the side of the periphery of this bend. Moreover, 
while carrying out opening of the jet section of the above-mentioned 
addition gas on the wall surface by the side of the inner circumference 
of this bend While the above-mentioned closing motion valve carries out 
an arrangement setup near the upper edge of the above-mentioned bend in 
the condition of having turned in the direction which constitutes this 
from a butterfly valve and intersects perpendicularly the direction of a 
valve stem in the direction of a curve side of the above-mentioned bend 
It is characterized by setting up the valve-opening actuation direction 
so that it may be located in the inhalation-of-air downstream rather 
than the periphery section to which the periphery section located in the 
periphery side of the above-mentioned bend at the time of the valve 
opening is located in an inner circumference side. 

[0016] In invention according to claim 6, while arranging an injector to 
an inhalation-of-air path In the suction system of the engine equipped 
with the closing motion valve open [ carries out as / supply / in this 
inhalation-of-air path / proper addition gas /, and / from an injector ] 
further and close the above-mentioned inhalation-of-air path 
alternatively according to engine operational status to the upstream The 
upstream bend which curves so that it may turn being located in the 
upstream and inhalation-of-air applying [ above-mentioned ] it to the 
side from the engine upper part, While constituting from a bay prolonged 
in the shape of a straight line succeeding the down-stream edge of this 



upstream bend, and a downstream bend which the above-mentioned upstream 
bend curves to an opposite direction succeeding the down-stream edge of 
this bay, and is open for free passage to a suction port While carrying 
out opening of the nozzle hole of the above-mentioned injector on axial 
center extension of the above-mentioned bay Opening of the jet section 
of the above-mentioned addition gas is carried out on the inner 
circumference side-attachment-wall side of the above-mentioned upstream 
bend. Furthermore, while the above-mentioned closing motion valve 
carries out an arrangement setup near the upper edge of the above- 
mentioned bend in the condition of having turned in the direction which 
constitutes this from a butterfly valve and intersects perpendicularly 
the direction of a valve stem in the direction of a curve side of the 
above-mentioned bend It is characterized by setting up the valve-opening 
actuation direction so that it may be located in the inhalation-of-air 
downstream rather than the periphery section to which the periphery 
section located in the periphery side of the above-mentioned bend at the 
time of the valve opening is located in an inner circumference side. 
[0017] In invention according to claim 7, in the suction system of an 
engine according to claim 1, 3. 4, 5, or 6 so that assistant air can be 
supplied through an assistant air passage near the nozzle hole of the 
above-mentioned injector then both The addition gas passageway which 
supplies the above-mentioned addition gas is approached and installed in 
the above-mentioned assistant air passage side by side, and it is 
characterized by forming this assistant air passage and an addition gas 
passageway in it further, as it straddled between [ of each gas column ] 
inhalation-of-air paths. 
[0018] 

[Function] In this application each invention, the respectively 
following operations are acquired by considering as this configuration. 
[0019] In invention according to claim 1, since, as for the 
inhalation-of-air style which flows the inside of an inhalation-of-air 

path with operation of an engine, this inhalation-of-air path has the 
bend, in this bend, the velocity distribution presents the velocity 
distribution by which the high rate-of-flow region inclined toward the 
wall surface approach part by the side of the periphery of this bend in 
response to the effect of the secondary flow by the inertial force of 
inhalation of air. Therefore, by performing fuel injection in such a 
high rate-of-flow region from an injector, mixing with this inhalation 
of air and a fuel becomes good, and evaporation and atomization of this 
fuel are promoted. Moreover, if a fuel is injected in the high rate-of- 
flow region in this way, it will also decrease that this fuel' s fuel 



adheres to a path wall surface since it rides in the style of [ of the 
high rate of flow ] inhalation of air and is smoothly carried to the 
downstream, and it will also become closed if the responsibility of the 
engine power to fuel supply is so good. 

[0020] On the other hand, since the inner circumference side of a bend 
is the low rate of flow comparatively, while suction installation of 
this addition gas is smoothly carried out by the inhalation-of-air style 
which flows the inside of a bend by supplying addition gas from the jet 
section which that dynamic pressure prepared in the part where this 
dynamic pressure is low by being low, it will be added in the style of 
[ this ] inhalation of air in the condition of having been washed away 
in the style of [ this ] inhalation of air, and the rate of flow by the 
side of this inner circumference will be raised. And when the secondary 
flow which the addition gas which was introduced into this inner 
circumference side, and was added in the style of inhalation of air 
generates in a bend extrudes at a periphery side, the velocity 
distribution in this bend will be equalized and the mean velocity in 
this inhalation-of-air path will be raised by this. 
[0021] Thus, when the mean velocity in an inhalation-of-air path is 
raised, this effect will reach from this to an upstream part, and the 
mean velocity in this upstream part will also be raised (if it puts in 
another way and a velocity distribution will be made to change). 
Inhalation-of-air installation will be efficiently performed within the 
limits of [ larger ] an inhalation-of-air path by improvement in such 
mean velocity (from the use effectiveness of the effective sectional 
area of an inhalation-of-air path improving, if it puts in another way), 
and the charging efficiency of inhalation of air is raised so much. 
[0022] Furthermore, since addition gas is introduced into the inner 
circumference approach of a bend, when this bend is seen from a cross 
section, as mentioned above, the addition firedamp-migration operation 
by the secondary flow has a high addition gas consistency to the inner 
circumference side of a certain thing, and this is low at the periphery 
side. For this reason, when addition gas is gas of an elevated 
temperature [ intake-air temperature ] like EGR gas or blow-by gas, that 
inner circumference side of the temperature distribution of the gaseous 
mixture of the inhalation of air and addition gas in a bend is high, and 
a periphery side becomes low. Therefore, from the first, although the 
injection fuel from an injector has stopped easily being able to adhere 
to the inner circle wall side of a bend as mentioned above, considering 
the arrangement structure of this injector and it is also considered 
that the part arrives at an inner circle wall side too In this case. 



even if a metaphor fuel reaches an inner circle wall side side, whenever 
[ in this part / mixed atmospheric temperature ] is comparatively high. 
And since this inner circle wall side itself is heated by addition gas 
and the wall temperature is high, most things that it is made to 
evaporate a fuel quickly here and it carries out an adhesion residual in 
this inner circle wall side are lost. 

[0023] In invention according to claim 2, since opening of the nozzle 
hole of an injector is carried out to the periphery side of a bend, 
while the fuel from this injector will be injected by the maximum flow 
speed range in this bend, consequently it is closed if its mixing with 
this fuel and inhalation of air is good, and evaporation and atomization 
of this fuel are promoted, adhesion in the inner circle wall side of a 
fuel is also controlled as much as possible. In this case, since that 
valve-opening direction is set up as the periphery section of bend 
periphery approach is located in the inhalation-of-air downstream by the 
closing motion valve which consists of butterfly valves at the time of 
that valve opening, when the inhalation of air of the upstream passes a 
part for this closing motion valve portion from this closing motion 
valve, it shows around by this closing motion valve, and it will incline 
toward a bend periphery side and will flow. For this reason, the 
channeling operation by this closing motion valve brings a result 
further puffed up in the bias of the velocity distribution resulting 
from a secondary flow, the maximum rate of flow of the inhalation-of-air 
style in a bend is raised further, and the mixing operation of a fuel 
and inhalation of air by having arranged the nozzle hole of an injector 
to the periphery approach of a bend is promoted further. 
[0024] Furthermore, also in the condition of having compared and having 
made this closing motion valve into the close by-pass bulb completely 
from the above-mentioned closing motion valve consisting of butterfly 
valves, inhalation of air will leak to the downstream of this closing 
motion valve through the very small clearance between the periphery edge 
of this closing motion valve, and a path wall. Moreover, as compared 
with the case where this closing motion valve is arranged near the down- 
stream edge of a bend like general before from this closing motion valve 
being arranged near the upper edge of a bend, for example, the distance 
between suction ports becomes long and the volume of a before [ from 
this closing motion valve / a suction port ] will increase from this 
closing motion valve so much. Therefore, the inspired air volume which 
leaks from a closing motion valve and collects in the volume between 
this closing motion valve and an inlet valve When it became more 
abundant as compared with structure conventionally, consequently valve 



opening with an inlet valve and an exhaust valve overlaps in the end of 
life of an exhaust air process, While a lot of inhalation of air which 
had collected in this volume flows into a combustion chamber side and 
scavenges near [ above-mentioned ] the exhaust valve, it will be 
discharged from an exhaust air port, and scavenging is promoted only for 
a part with much residual inspired air volume in this volume. 
[0025] While constituting an inhalation-of-air path from an upstream 
bend, a bay, and a downstream bend and arranging the nozzle hole of an 
injector into the periphery approach part of this upstream bend in 
invention according to claim 3 Although the same operation is acquired 
of course with having indicated to the above-mentioned about the 
inhalation-of-air style in this upstream bend part since opening of the 
jet section of addition gas is carried out to the inner circumference 
approach part, in addition to this, the still more nearly following 
operations are also acquired. That is, the above-mentioned bay follows 
the down-stream edge of an upstream bend, and is prolonged in the shape 
of a straight line to a slanting lower part, and a downstream bend 
follows the down-stream edge of this bay, and curves to an opposite 
direction with the above-mentioned upstream bend (if it puts in another 
way). Since it is curving so that it may go in the direction of an axial 
center of a combustion chamber, the mixed air current introduced into a 
combustion chamber from a downstream bend will generate the tumble flow 
which circles in the vertical direction in this combustion chamber 
through a bay from the above-mentioned upstream bend. 

[0026] in this case, a this upstream bend part since the curve direction 
of the above-mentioned upstream bend and a downstream bend is reverse — 
if it is, the addition gas located in that inner circumference side will 
be located in that periphery side in a downstream bend part, therefore, 
this addition gas from it being located in the periphery side of an 
inhalation-of-air style, and it being introduced into this combustion 
chamber with that condition, and becoming a tumble flow, when introduced 
into a combustion chamber from the above-mentioned bay In this 
combustion chamber, this addition gas reservoir will incline and exist 
in a part with comparatively low temperature called a combustion chamber 
wall surface or a piston-top surface, and inhalation of air will incline 
and exist inside this addition gas reservoir (namely, core side of a 
combustion chamber) as gaseous mixture of a thick condition 
comparatively. 

[0027] Consequently, it will be closed, if the generating of an unburnt 
component since the part which tends to serve as [ temperature ] a 
generating part of an unburnt component low when fire retardancy gas. 



such as EGR gas or blow-by gas, is used especially as addition gas, 
while the lamination in a combustion chamber was promoted and lean 
combustion was realized is covered by fire-resistant gas and penetration 
of the gaseous mixture to this part is controlled itself is controlled 
as much as possible and exhaust air emission is so good. 
[0028] While invention according to claim 4 constitutes an 
inhalation-of-air path from an upstream bend, a bay, and a downstream 
bend and it carries out opening of the nozzle hole of an injector to the 
periphery side of an upstream bend Opening of the jet section of 
addition gas is carried out to the inner circumference side of this 
upstream bend, and it has composition which combined invention and 
invention according to claim 3 according to claim 1, therefore an 
operation given [ above-mentioned ] in and an operation given 
[ above-mentioned ] in can be attained to coincidence. 
[0029] Invention according to claim 5 arranges a closing motion valve 
near the upper edge of this bend, and has composition which combined 
invention and invention according to claim 2 according to claim 1, 
therefore can attain the above-mentioned written operation and an 
operation given [ above-mentioned ] in to coincidence while the 
nozzle hole of an injector is turned on the periphery side of the bend 
of an inhalation-of-air path and it carries out opening of the jet 
section of addition gas to an inner circumference side, respectively. 
[0030] While invention according to claim 6 constitutes an 
inhalation-of-air path from an upstream bend, a bay, and a downstream 
bend Turn the nozzle hole of an injector on the periphery side of this 
upstream bend, and opening of the jet section of addition gas is carried 
out to an inner circumference side, respectively. Furthermore, a closing 
motion valve is arranged near the upper edge of the above-mentioned 
upstream bend, and it has composition which combined invention and 
invention according to claim 3 according to claim 2, therefore an 
operation given [ above-mentioned ] in and an operation given 
[ above-mentioned ] in can be attained to coincidence. 
[0031] While invention according to claim 7 prepares the assistant 
air passage which supplies the assistant air other than the addition gas 
passageway which supplies addition gas in invention according to claim 1, 
3, 4, 5, or 6 Although an operation the above-mentioned 
or given in is acquired from the place which forms each [ these ] 
path between the inhalation-of-air paths of each gas column as straddles 
of course In addition to it, since between each inhalation-of-air path 
is connected in one by this addition gas passageway and the assistant 
air passage, such rigidity is raised. 



[0032] 

[Effect of the Invention] Therefore, according to the suction system of 
the engine of this application each invention, the respectively 

following effectiveness is acquired. 

[0033] (a) According to the suction system of an engine according to 
claim 1 by carrying out opening of the nozzle hole of an injector to the 
periphery side of the bend of an inhalation-of-air path, turning a fuel 
to a maximum flow speed range, and carrying out injection supply, if in 
mixing of a fuel and inhalation of air, evaporation and atomization of a 
fuel can be promoted further in total — both Adhesion in the inner 
circle wall side of a fuel can be prevented, and the responsibility of 
the engine power to fuel supply can be raised. 

[0034] Furthermore, since installation of the addition gas by the side 
of the inner circumference of a bend is raising the mean velocity in an 
inhalation-of-air path, the use effectiveness of the effective sectional 
area of this inhalation-of-air path improves so much, and improvement in 
a charging efficiency can be aimed at as a result. That is, promotion of 
evaporation and atomization of the fuel by maintaining the maximum rate 
of flow highly and improvement in the charging efficiency by maintaining 
mean velocity highly can be attained to coincidence, having the 
inhalation-of-air path of curve structure. 

[0035] (b) Since the bias of the velocity distribution of inhalation of 
air peculiar to an inhalation-of-air path with a bend is puffed up 
further and the maximum rate of flow is raised further, a channeling 

operation of the inhalation of air by the closing motion valve arranged 
near the upper edge of a bend is made to improve further rather than the 
case where evaporation and atomization of a fuel are the above-mentioned 
(a) publications according to the suction system of an engine according 
to claim 2. 

[0036] Furthermore, while arranging the above-mentioned closing motion 
valve near the upper edge of a bend and making the volume between this 
closing motion valve and a suction port increase, the inhalation of air 
which leaks from the periphery of a closing motion valve in this volume 
is accumulated more in a large quantity, by the time of overlap of the 
valve-opening stage of an inlet valve and an exhaust valve, by a lot of 
inhalation of air, since he is trying to scavenge the exhaust air port 
circumference, that scavenging-air engine performance is high, and the 
increment in an inhalation-of-air fill can be aimed at so much. 
[0037] (c) While according to the suction system of an engine according 
to claim 3 the effectiveness of the above-mentioned (a) publication is 
acquired, and also constituting an inhalation-of-air path from an 



upstream bend, a bay, and a downstream bend and making a combustion 
chamber generate a tumble flow Since gaseous mixture is made for 
addition gas to exist in an inner circumference side in the shape of a 
layer, respectively and lamination of gaseous mixture is attained to the 
periphery side of this tumble flow, lean combustion becomes possible and 
improvement in the fuel consumption engine performance can be aimed at 
so much. 

[0038] Moreover, since the penetration of the gaseous mixture to this 
part itself is prevented by making addition gas exist in the periphery 
section of a combustion chamber with comparatively low temperature, i. e. , 
the generating part of an unburnt component, it is closed if generating 
of an unburnt component is as much as possible, and is effective in 
the ability to aim at an improvement of engine exhaust air emission so 
much. 

[0039] (d) According to the suction system of an engine according to 
claim 4, the same effectiveness is attained by coincidence with having 

indicated to the above (a) and (c) . 

[0040] (e) According to the suction system of an engine according to 
claim 5, effectiveness the above (a) and given in (b) is attained by 
coincidence. 

[0041] (f) According to the suction system of an engine according to 
claim 6, effectiveness the above (b) and given in (c) is attained by 
coincidence. 

[0042] According to the suction system of an engine according to claim 7, 
(g) The above (a). In addition to effectiveness (c) , (d) , (e) , or given 
in (f), each inhalation-of-air path corresponding to each gas column 
from having connected in one by the addition gas passageway and the 
assistant air passage The rigidity between each [ these ] inhalation-of- 
air path improves, the rigidity as the whole engine is raised, for 
example, the effectiveness that noise generating based on engine 
vibration can be reduced is acquired. 
[0043] 

[Example] If the suction system of the engine of the invention in this 
application is hereafter explained concretely based on the example shown 
in an accompanying drawing, one bank part of the 6-cy Under V-type 
engine for automobiles which equipped drawing 1 and drawing 2 with the 
inhalation of air concerning the example of the invention in this 
application is shown, and as for a cylinder-head cover and 6, in this 
drawing, the cam carrier with which a sign 1 supports a cylinder block 
and the cam shafts 23 and 24 of a Uichi Hidari pair [ 4 / the cylinder 
head, and / 3 and 4 / 2 ], and 5 are [ a piston and 7 ] combustion 



chambers. This engine is inhalation-of-air 2 valve and an exhaust air 2 
valve type engine, suction ports 8 and 8 and the exhaust air ports 9 and 
9 are formed in the inferior surface of tongue of the above-mentioned 
cylinder head 2 facing the above-mentioned combustion chamber 7, 
respectively, further, inlet valves 20 and 20 are arranged at each of 
these suction ports 8 and 8, and exhaust valves 21 and 21 are arranged 
at each exhaust air ports 9 and 9, respectively. 

[0044] Furthermore, in this engine, it is made to connect with the surge 
tank 17 which has arranged the suction ports 8 and 8 of the above- 
mentioned pair in the upper part location of the above-mentioned 
cylinder-head cover 5 through the primary path 11 and the secondary path 
12 which became independent, respectively, and the inhalation-of-air 
path 10 corresponding to one gas column consists of these two paths 11 
and 12. Moreover, among these two paths 11 and 12, although the primary 
path 11 performs inhalation-of-air installation in all engine operating 
range, as for the secondary path 12, an engine load performs inhalation- 
of-air installation only in the heavy load field more than predetermined. 
And this primary path 11 and secondary path 12 The below-mentioned 
closing motion valve 18 is formed in the maximum upstream location 
(namely, outlet section 17a of the above-mentioned surge tank 17) of 
this secondary path 12, And since it is what has a configuration 
similarly except for the jet section 36 of the blow-by gas as addition 
gas being formed in the mid-position of this secondary path 12, Here, 
with reference to drawing 1 - drawing 3 , only the path configuration of 
the secondary path 12 is explained in full detail, and the explanation 
is omitted about the path configuration of the primary path 11. 
[0045] The downstream bend 15 which curves towards the engine side 
gradually while the above-mentioned secondary path 12 follows the above- 
mentioned suction port 8 and the inside of the above-mentioned cylinder 
head 2 is gone up. The bay 14 in which turns the cylinder head 2 to the 
slanting upper part succeeding the upstream of this downstream bend 15, 
and is prolonged in the shape of a straight line, and the upper edge 
carries out opening to the side face of this cylinder head 2, It 
consists of upstream bends 13 of the upper edge of this bay 14, and 
outlet section 17a of the above-mentioned surge tank 17 to which the 
above-mentioned downstream bend 15 curves to hard flow so that the 
engine upper limit section may be involved in from the side, while 
straddling and being arranged free [ attachment and detachment ]. And 
the closing motion valve 18 which consists of butterfly valves is 
arranged at outlet section 17a of the above-mentioned surge tank 17 
which is the maximum upstream location of this secondary path 12 in the 



condition that you made it periphery section 18a located in the 
peripheral-wall 13a approach of this upstream bend 13 towards the 
direction which intersects perpendicularly with the curve side of the 
above-mentioned upstream bend 13 in that valve stem 19 located in the 
downstream rather than the above-mentioned valve stem 19. 
[0046] In addition, the above-mentioned upstream bend 13 is mutually 
connected by the flanges 41 and 42 of a vertical pair among the 
inhalation-of-air paths 10 and 10 of each gas column, and constitutes 
one inlet manifold 30 while it is formed in one in the state of the 
upstream bend 22 (refer to drawing 2 and drawing 3 ) by the side of the 
above-mentioned primary path 11, and side-by-side installation, as shown 
in drawing 2 . 

[0047] Furthermore, while the nozzle hole 26 near the down-stream edge 
of the above-mentioned upstream bend 13 which performs fuel installation 
into this upstream bend 13 is moreover formed in a peripheral-wall 13a 
approach part through the above-mentioned bay 14 at it as it directs in 
the above-mentioned suction port 8 as shown in drawing 1 and drawing 3 , 
the injector 25 is arranged at upper one end of this nozzle hole 26. In 
addition, such a nozzle hole 26 is similarly formed in the upstream bend 
22 of the above-mentioned primary path 11, and the fuel injected from 
this injector 25 is supplied to the both sides by the side of the above- 
mentioned primary path 11 and the secondary path 12 through these two 
nozzle holes 26 and 26 at coincidence. 

[0048] On the other hand, the above-mentioned inlet manifold 30 really 
forms the inhalation-of-air paths 10, 10, and 10 of each gas column in 
the outside location of inner circle wall 13b of the above-mentioned 
upstream bend 13 in the condition of having made the horizontal 
installation section 31 which installed the blow-by gas path 35 and the 
assistant air passage 37 in the interior side by side straddling a 
longitudinal direction, as shown in drawing 1 and drawing 2 . And 
opening of this blow-by gas path 35 is carried out on inner circle wall 
13b of the upstream rather than the above-mentioned nozzle hole 26 
through the jet section 36 which penetrated and formed inner circle wall 
13b of the above-mentioned upstream bend 13. While the blow-by gas G (it 
corresponds to the addition gas in the range of an application for 
patent) introduced from a flueway 16 side is shunted toward each gas 
column side by this blow-by gas path 35 It is introduced, respectively 
in the jet sections 36 and 36 and the secondary path 12 of the gas 
column which corresponds from . . Furthermore, after the assistant air 
which the above-mentioned assistant air passage 37 was made open for 
free passage by the maximum upstream part of the above-mentioned nozzle 



hole 26 through the free passage way 38 formed in the above-mentioned 
inlet manifold 30, and was supplied to this assistant air passage 37 is 
shunted toward each gas column side, respectively, it is supplied to the 
maximum upstream part of a nozzle hole 26 from the free passage way 38. 
[0049] Then, actuation, effectiveness, etc. of a suction system which 
were constituted in this way are explained mainly taking the case of the 
flow by the side of the secondary path 12. If an engine is operated, 
since clausilium maintenance of the closing motion valve 18 will be 
first carried out in the low loading region, inhalation of air is 
introduced into a combustion chamber 7 only from the primary path 11 
side, and a swirl style generates it in this combustion chamber 7. 
moreover, the gaseous mixture of the inhalation of air from the primary 
path 11 side since splitting supply of the fuel is carried out from an 
injector 25 in this case at both the primary path 11 and the secondary 
path 12, respectively, and a fuel — moreover, from the secondary path 
12 side, only a fuel is introduced, respectively. Furthermore, apart 
from this, the assistant air supplied to the assistant air passage 37 is 
supplied on the outskirts of a nozzle hole of an injector 25 through the 
free passage way 38, and promotion of mixing of a fuel and inhalation of 
air, and evaporation and atomization of a fuel are attained. Moreover, 
the blow-by gas supplied to the blow-by gas path 35 is introduced into 
upstream bend 13 part of the secondary path 12 from the jet section 36 
(therefore, from this secondary path 12, the gaseous mixture of blow-by 
gas and a fuel will be strictly introduced to a combustion chamber 7). 
[0050] On the other hand, if an engine load goes up and a heavy load 
operation region is arrived at, since the above-mentioned closing motion 
valve 18 opens, inhalation of air and the gaseous mixture of a fuel will 
be introduced into a combustion chamber 7 from the both sides of the 
primary path 11 and the secondary path 12, respectively. Moreover, apart 
from this, blow-by gas is introduced into upstream bend 13 part of the 
above-mentioned secondary path 12 from the jet section 36. 
[0051] Here, the inhalation of air in the secondary path 12 which can be 
set in this case, the flow of blow-by gas, a mixing operation of a fuel, 
etc. are explained, respectively. First, although it is the flow of 
inhalation of air, after inhalation of air flows into the secondary path 
12 side through the closing motion valve 18 from a surge tank 17, it 
results [ from the upstream bend 13 ] the inside of this secondary path 
12 in the downstream bend 15 through a bay 14, and, finally is inhaled 
in a combustion chamber 7 from a suction port 8. In this case, since the 
above-mentioned upstream bend 13 is curving greatly, it will be in the 
condition that the maximum rate of flow inclined toward the peripheral- 



wall 13a side as the rate-of-flow distribution curve LI in drawing 4 
showed the velocity distribution in this upstream bend 13 by the 
secondary flow resulting from the inertial force of an inhalation-of-air 
style. And the bias of this velocity distribution becomes the most 
remarkable at the time of valve opening of the closing motion valve 18. 
That is, since periphery marginal 18a of that bend periphery approach 
carries out valve-opening actuation as this closing motion valve 18 is 
located in the inhalation-of-air downstream, in case the inhalation of 
air from the above-mentioned surge tank 17 passes this closing motion 
valve 18, it is for receiving the operation which carries out channeling 
to bend periphery approach by this closing motion valve 18. Therefore, 
the in this case highest maximum rate of flow is attained. 
[0052] And the above-mentioned velocity distribution since the jet 
section 36 is formed on that inner circle wall side 13b in this example 
in the middle of the path of this upstream bend 13 although it continues 
as it is while, as for such a partial velocity distribution, inhalation 
of air will circulate the inside of the upstream bend 13, if it is 
structure conventionally, and he is trying to make here to blow-by gas 
introduce in the upstream bend 13 changes gradually with flowing down of 
inhalation of air. 

[0053] That is, it has a velocity distribution as shown by the rate-of- 
flow distribution curve LI of drawing 4 in the upstream from the jet 
section 36, therefore the dynamic pressure according to the inhalation- 
of-air style A near the inner circle wall side 13b of the upstream bend 
13 is low, and blow-by gas G is smoothly introduced in the upstream bend 
13 from here. The blow-by gas G introduced near this inner circle wall 
side 13b Become the appearance added in the style of [ A ] inhalation of 
air when being washed away as it is by this by the inhalation-of-air 
style in this upstream bend 13 at the downstream, and it sets to the 
direct downstream of the jet section 36 as a result. As the rate-of-flow 
distribution curve L2 of drawing 4 shows, it becomes the velocity 
distribution of the shape of ''1 A wen camel^'' which had the high rate-of- 
flow region, respectively in both the periphery wall surface 13a 
approach location and the inner circle wall side 13b approach location. 
[0054] However, the velocity distribution of the shape of such ''2 A wen 
camel^^ is not what is maintained forever as it is. In response to the 
effect of a secondary flow, the high rate-of-flow region of inner circle 
wall side 13b approach is gradually extruded at the periphery wall 
surface 13a side with flowing down of inhalation of air. The velocity 
distribution of the abbreviation trapezoidal shape which does not have 
so big the rate-of-flow difference in periphery wall surface 13a 



approach and inner circle wall side 13b approach as the rate-of-flow 
distribution curve L3 of drawing 4 shows will be presented. Therefore, 
in the condition of having become such a velocity distribution, while 
there is almost no change in the maximum rate of flow in a periphery 
wall surface 13a approach location, the mean velocity in the upstream 
bend 13 will go up sharply. Thus, it is what (if it puts in another way, 
the use effectiveness of effective sectional area will increase) the 
cross section which can contribute effective in inhalation-of-air 
installation among the upstream bends 13 increases that mean velocity 
goes up, and it can perform inhalation-of-air installation so so much at 
high speed, and leads to the improvement in the charging efficiency of 
inhalation of air, as a result improvement in the output engine 
performance as a result. In addition, if the velocity distribution in 
the downstream of the jet section 36 of blow-by gas is improved in this 
way, this effect of not remaining only in the downstream, but also 
attaining to the upstream rather than this jet section 36, and the 
velocity distribution of that part also being improved from it, is 
natural. 

[0055] In addition, the high rate-of-flow region of the inner circle 
wall side 13b approach attained by addition of blow-by gas Since it 
moves to the periphery wall surface 13a side gradually according to 
flowing down of inhalation of air, it becomes the velocity distribution 
from which the highest mean velocity as shown to some extent by the 
rate-of-flow distribution curve L3 of drawing 4 in a down-stream 
approach location from the formation location of the jet section 36 of 
blow-by gas is obtained. The bias by the side of periphery wall surface 
13a of a velocity distribution becomes remarkable again as it goes down 
down-stream further from it, and it becomes the velocity distribution 
which only the maximum rate of flow finally projected, and will be in 
the condition which is not desirable from the point of a charging 
efficiency. For this reason, in this example, while setting up the down- 
stream end position of the upstream bend 13 near the location where the 
velocity distribution like the rate-of-flow distribution curve L3 of 
drawing 4 is acquired, it is made to carry out opening of the nozzle 
hole 26 of the above-mentioned injector 25 to this part. 
[0056] On the other hand, the injection fuel from an injector 25 From 
this being supplied towards the direction of an axial center of a bay 14 
from the nozzle hole 26 of the location where the velocity distribution 
like the above-mentioned rate-of-flow distribution curve L3 is acquired 
which moreover carried out opening to periphery wall surface 13a 
approach This fuel rides on the inhalation of air of the largest part of 



the rate of flow, since mixing with this inhalation of air is promoted, 
if its evaporation / atomization condition of this fuel is as much as 
possible good, it is closed, as a result it can be contributed to the 
improvement of engine inflammable ability. 

[0057] Moreover, although this blow-by gas is made to move to the 
periphery wall surface 13a side gradually with installation into the 
upstream bend 13 by the secondary flow when the flow of blow-by gas is 
seen, it means that this does not say that blow-by gas moves to the 
periphery wall surface 13a side on the whole, but it moves, mixing with 
inhalation of air gradually, and there is. Therefore, if it sees from 
the whole flow in the secondary path 12, its inner circle wall side 13b 
approach side is still high until the density distribution in the 
secondary path 12 of the blow-by gas G introduced into the inner circle 
wall side 13b approach of the upstream bend 13 reaches the down-stream 
edge (namely, suction port 8), and the periphery wall surface 13a 
approach side is low. For this reason, the inner circle wall side 13b 
approach part of this upstream bend 13 is high, and the intake-air 
temperature (strictly gaseous mixture of inhalation of air and blow-by 
gas temperature) applied to a bay 14 near the down-stream edge of the 
upstream bend 13 is the same also about a wall temperature. 
[0058] Therefore, the fuel injected in the upstream bend 13 from the 
nozzle hole 26 Ride in the style of [ of the high rate of flow ] 
inhalation of air, and it is carried to a combustion chamber 7 side, and 
in a thing side and the above-mentioned inner circle wall side 13a side 
from that temperature (a wall temperature and both sides of ambient 
temperature) being high, and evaporation / atomization nature of the 
fuel in this part being good Fuel adhesion on the wall surface by the 
side of this inner circle wall side 13b (the wall surface of a bay 14 
and the downstream bend 15 is also included) is prevented as much as 
possible, as a result the responsibility of the engine power to fuel 
control is improved. 

[0059] Furthermore, although inhalation of air flows the periphery wall 
surface 13a approach part of the upstream bend 13 and blow-by gas mainly 
flows inner circle wall side 13b approach as mentioned above in the 
secondary path 12 In this case, while a bay 14 directs in a suction-port 
8 side with a quite big inclination like this example If the downstream 
bend 15 following this is turned in the direction of an axial center of 
a combustion chamber 7 and is incurvated, the gaseous mixture inhaled in 
a combustion chamber 7 from a suction port 8 will generate the so-called 
tumble flow which circles in the vertical direction in this combustion 
chamber 7. by the way, in the thing of this example, the blow-by gas G 



which mainly existed in the inner circle wall side 13b approach of the 
upstream bend 13 as mentioned above from flowing in a combustion chamber 
7 along with the wall surface of the bay 14 located in this inner circle 
wall side 13b side as it is, and the wall surface of the downstream bend 
15 the inside of this combustion chamber 7 — setting — blow-by gas G - 
- the side near the wall of this combustion chamber 7, or the top face 
of a piston 6 — the shape of a layer — existing — inhalation of air 
and the gaseous mixture of a fuel — B will exist in the condition of 
having been wrapped in inside this blow-by gas layer. That is, the 
lamination in a combustion chamber 7 is attained. 
[0060] Therefore, although it is natural that the ratio engine 
performance is made to improve by implementation of the lean combustion 
by lamination of gaseous mixture, in addition to this, an improvement of 
exhaust air emission and the knocking engine performance is also further 
achieved by coincidence, namely, combustion of an in [ since the 
periphery section of a combustion chamber 7, i. e. , the part which an 
unburnt component tends to generate badly / temperature is comparatively 
low and / combustion /, is occupied in this way by nonflammable gas 
called blow-by gas, there is no inflow of the gaseous mixture to this 
part, therefore / this part ] naturally — ^^^^^^^^^^^^ic^icjic — as a result, 
the generating of an unburnt component itself is controlled as much as 
possible, and it leads to an improvement of exhaust air emission. 
Moreover, since the end gas zone used as the remote cause of knocking 
generating itself disappears, knocking generating is prevented as much 
as possible, as a result that the periphery section of a combustion 
chamber 7 is occupied by blow-by gas in this way can also expect an 
improvement of the output engine performance by raise in a compression 
ratio. 

[0061] Furthermore, although clausilium maintenance of the above- 
mentioned closing motion valve 18 is carried out in an engine low 
loading field, even if it compares and this suits a close-by-pass-bulb- 
completely condition from this closing motion valve 18 consisting of 
butterfly valves, a very small clearance is formed between that 
periphery section and path wall. Therefore, small quantity [ every ] 
inhalation of air will leak and appear from this clearance in a suction- 
port 8 side in the clausilium condition of the closing motion valve 18. 
The inspired air volume which the volume between this closing motion 
valve 18 and an inlet valve 20 is quite large, comparing with structure 
conventionally since this is arranged near the upstream edge of the 
upstream bend 13 in this example on the other hand, although this 
closing motion valve 18 is arranged in the location conventionally near 



a suction port 8 generally, therefore collects in the volume of the 
leakage lever from the clearance between the above-mentioned closing 
motion valves 18 also increases sharply. Thus, when a lot of inhalation 
of air has collected in the above-mentioned volume, when valve opening 
of an inlet valve 20 and an exhaust valve 21 overlaps in the end of life 
like an exhaust air line, a lot of inhalation of air will flow in a 
combustion chamber 7 from a suction port 8, and this inflow inhalation 
of air will scavenge the exhaust air port 9 circumference efficiently. 
[0062] Moreover, since it is supplied near the nozzle hole of an 
injector 25 after the assistant air in the assistant this air passage 37 
since the blow-by gas path 35 and the assistant air passage 37 are 
installed in the state of contiguity in the horizontal installation 
section 31 is warmed by the heat of blow-by gas, a promotion operation 
of evaporation and atomization of the fuel by this assistant air will be 
raised further, moreover, the horizontal installation section 31 in 
which this blow-by gas path 35 and the assistant air passage 37 were 
formed — each inhalation-of-air paths 10 and 10 of an inlet manifold 30, 
and . . as for this inlet manifold 30, those vertical both ends are 
connected by flanges 41 and 42, respectively by forming between in the 
condition of having straddled in the direction of arrangement of 
cylinders — in addition, since that pars intermedia is also connected 
by this horizontal installation section 31, that rigidity is made to 
improve And the rigidity as the whole engine is raised by the rigid rise 
of this inlet manifold 30, and noise generating by engine vibration is 
also reduced as much as possible. 

[0063] In addition, in the above-mentioned example, although he is 
trying to introduce blow-by gas as addition gas, the invention in this 
application is not limited to this, and can be changed into this blow-by 
gas, for example, can also adopt EGR gas as addition gas. 
[0064] Moreover, in this example, although the jet section 36 of 
addition gas is formed in the secondary path 12 side, the invention in 
this application is not limited to this, and can also form this in the 
primary path 11 side. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the important section sectional view of the engine 
equipped with the suction system concerning the example of the invention 
in this application. 

[Drawing 2] It is the II-II view Fig. of drawing 1 . 

[Drawing 3] It is III-III drawing of longitudinal section of drawing 1 . 

[Drawing 4] It is the velocity-distribution explanatory view of the 
inhalation of air in an inhalation-of-air path. 

[Drawing 5] It is the velocity-distribution explanatory view of the 
inhalation of air in an inhalation-of-air path. 
[Description of Notations] 

In 1, a cylinder block and 2 a cam carrier and 4 for the cylinder head 
and 3 A cam carrier, In a cylinder-head cover and 6, a piston and 7 a 
suction port and 9 for a combustion chamber and 8 An exhaust air port, 

[ 5 ] 10 a primary path and 12 for an inhalation-of-air path and 11 A 
secondary path, In 13, an upstream bend and 14 a downstream bend and 16 
for a bay and 15 A flueway, In a surge tank and 18, a closing motion 
valve and 19 an inlet valve and 21 for a valve stem and 20 An exhaust 
valve, [ 17 ] 23 — a cam shaft and 24 — a cam shaft and 25 — for an 
inlet manifold and 31, as for a blow-by gas path and 36, the horizontal 
installation section and 35 are [ an injector and 26 / a nozzle hole and 
30 / the jet section and 37 ] assistant air passages. 
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